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The effect of midlife risk factors on dementia in older age

Executive summary

Public Health England (PHE) commissioned the Personal Social Services Research
Unit (PSSRU) at the London School of Economics and Political Science (LSE) to
conduct a study on primary prevention of dementia. The aim of the study is to provide
information to assist commissioners to make decisions about prioritisation of primary
prevention measures relevant to dementia.

This report presents findings from a focused review of evidence, which formed a
substantial part of the overall study. The review covers all types of dementia and in all
age groups, subject to the availability of evidence. It focuses on recent literature on the
relationship between changes in risk factor behaviours or conditions in midlife (ages 40
to 64) and onset of dementia later in life. The risk factors considered comprise:
smoking, excessive drinking, high blood pressure, lack of physical activity and obesity,
diabetes, depression and other common mental health conditions, social isolation and
loneliness, and lifelong learning and cognitive stimulation.

For the risk factors which were considered in a recent systematic review (Norton et al.
2014) we searched for more recent systematic reviews or primary empirical studies
published for any possible new evidence or more comprehensive reviews. For the risk
factors not considered in that systematic review, we searched for relevant papers in the
recent NICE review on midlife risk factors and dementia in older age (Lafortune et al.,
2016; Lafortune, Kelly, and Cowan, 2014) and when necessary, conducted additional
searches for papers published since 2000.

We have focused on papers reporting impact on dementia or Alzheimer's disease,
except in the case of risk factors where we have found only papers reporting impact on
cognitive impairment. We have concentrated on papers reporting quantitative findings
on the relative risk or odds ratio of onset of dementia as between those experiencing
and those not experiencing the risk.

We have found evidence that the following risk factors in mid-life are associated with an
increased risk of dementia later in life:

e physical inactivity in mid-life is highly prevalent and increases the risk of all-
cause dementia: people inactive in midlife have more than double the risk of
dementia in old age than those who are physically active

e current smoking increases the risk of all-cause dementia: the risk of dementia
in old age is slightly higher for smokers in midlife than for non-smokers, but past
smoking is not associated with an increased all-cause dementia risk

e diabetes increases the risk of all-cause dementia; while the samples in several
reviews include older people, there are some original studies specifically from
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midlife which suggest that people with diabetes have around 2.5 times the risk of
onset of dementia in old age

e hypertension in mid-life increases the risk of all-cause dementia: people with
hypertension in midlife are at slightly greater risk of dementia in old age

e obesity in mid-life increases the risk of all-cause dementia: people who are
obese have around 1.6 times the risk of onset of dementia in old age

e depression increases the risk of all-cause dementia; while the samples in
several reviews include older people, there are studies specifically for midlife
depression which suggest that people with depression in midlife are at slightly
greater risk of dementia in old age

e mental activities in mid-life are associated with a lower risk of dementia in later
life: for example, higher complexity of working with data among lower educated
people in midlife can roughly halve the risk of dementia in old age

We have not found robust evidence that the following suggested risk factors in mid-life
are associated with an increased risk of dementia later in life:

e alcohol: while heavy and chronic drinking results in specific dementia-type
symptoms, there is a lack of robust evidence of a general effect on all-cause
dementia

e diet: the evidence on diet as a risk factor for dementia is inconclusive and
scarce

e mental distress in mid-life: the evidence for an impact on risk of dementia later
in life is scarce and weak

e social isolation and loneliness: very few studies report the long-term effect of
midlife social isolation or loneliness on risk of dementia in older age

e air pollution and other environmental toxins (eg heavy metals such as lead
and copper), drug abuse, sleep disturbances (such as short or fragmented
sleep) and hormones (eg low estrogens levels) have been suggested as
possible midlife risk factors, but there is insufficient evidence to draw
conclusions

It is important to recognise a number of key caveats. First, we have conducted a
focused and not a systematic review. Second, we have concentrated on risk factors in
mid-life. While factors in mid-life which are found to be associated with later onset of
dementia may be causative, factors associated with dementia in old age may have a
more complex relationship with dementia, with causation potentially running in either
direction. Third, the risk factors we consider are correlated. Where an intervention
relates to just one risk factor and does not extend to other risk factors with which it is
correlated, use of unadjusted relative risk estimates would overstate the likely impact of
the intervention: adjusted relative risk estimates should be used when assessing the
likely impact on future dementia incidence.
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Finally, reduction in some risk factors, for example smoking, affects mortality as well as
dementia incidence. People who change behaviours in middle age may experience
considerably improved life expectancy. It is, therefore, possible that while they may
gain a reduced risk of onset of dementia at a given age, for example in their seventies,
their lifetime risk of onset of dementia may rise and be higher than if they had not
changed their behaviours.
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Glossary for statistical terms in the report

Case-control study: compares non-randomised groups of individuals with differing
outcomes, and looks back in time to see how the risk factors of the groups differed. A
special case, a co-twin case-control study, compares twin pairs who share genetic
factors and early environment but experience different outcomes (eg one twin has
dementia, whereas the co-twin does not).

Cohort study: is a longitudinal study which follows up the same individuals over a
period of time. A longitudinal approach enables collection of the same measures on
several occasions over time (repeated measures).

Confidence interval (Cl): is a range of values (interval) indicating the estimated
variation around the estimated central value of an unknown population parameter. If the
95% confidence interval for a variable is shown as 10 to 20, for example, this means
that the analysis has found that there is a 95% likelihood that the ‘true’ value of the
variable lies between 10 and 20 and only a 5% probability that it lies outside that range.

Hazard ratio (HR): is the ratio of two hazard rates, the rate at which events happen. HR
reflects how often a particular event happens in one group compared to how often it
happens in another group, over time. If, for example, the annual incidence rate of
dementia is 5% for one group and 10% for another group (eg those at higher risk), the
HR is 0.5.

Odds ratio (OR): is the ratio of odds that an outcome will occur given a particular
exposure, compared to the odds of the outcome occurring in the absence of that
exposure. If for example the odds of onset of dementia is 1:4 for one group and 1:3 for
another group (e.g. those at higher risk), the OR is 1.333. [In a simple 2x2 group case
the OR can be calculated as OR = (a x d)/(b x ¢). a = number of exposed cases, b =
number of exposed non-cases, ¢ = number of unexposed cases, d = number of
unexposed non-cases].

Relative risk (RR): is the ratio of the incidence rate in an exposed group divided by the
incidence rate in an unexposed (or less exposed) comparison group. If, for example, the
lifetime probability of experiencing onset of dementia is 20% for one group and 40% for
another group (eg those at higher risk), the RR is 2.0. [In a 2x2 group, RR =
(a/(a+b))/(c/(c+d)). a = number of exposed cases, b = number of exposed non-cases, ¢
= number of unexposed cases, d = number of unexposed non-cases].


https://en.wikipedia.org/wiki/Population_parameter
https://en.wikipedia.org/wiki/Hazard_rate
http://sphweb.bumc.bu.edu/otlt/MPH-Modules/EP/EP713_Association/EP713_Association3.html
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Introduction

Public Health England (PHE) commissioned the Personal Social Services Research
Unit (PSSRU) at the London School of Economics and Political Science (LSE) to
conduct a study on primary prevention of dementia. The aim of the study is to provide
information to assist commissioners to make decisions about prioritisation of primary
prevention measures relevant to dementia.

The study covers all types of dementia and in all age groups, subject to the availability
of evidence. The risk factors for dementia considered in the study comprise: smoking,
excessive drinking, high blood pressure, lack of physical activity and obesity, diabetes,
depression and other common mental health conditions, social isolation and loneliness,
and lifelong learning and cognitive stimulation. The focus is on risk factors in mid-life
(ages 40 to 64). Although dementia is typically developed in very late life, the processes
leading to precursory health problems often start in mid-life ( 1) . While there is no cure
for dementia, mid-life provides a window of opportunity for early intervention to reduce
or modify the risk factors for dementia.

The original focus and outputs for this study were amended in view of the lack of
evidence on the impact of primary prevention measures such as smoking cessation in
mid-life on subsequent onset of dementia in old age. There are no evaluations of
interventions which follow-up individuals for very many years to ascertain the
proportions experiencing onset of dementia. Generally, follow-up periods in studies are
short (less than one year) and cognitive performance or decline rather than diagnosis of
dementia is used as an outcome (1), restricting the usefulness of the evidence for the
purpose of this work. For this reason, the current work aims to provide information on
the importance of different risk factors of dementia.

The outputs from this study following the changes to its focus are:

e areport summarising the evidence from studies of the impact on dementia
incidence of changes in behaviours, eg smoking, or in conditions, eg loneliness,
obesity or depression

e areport summarising barriers and facilitators to primary prevention of dementia
and recommending next steps for rolling out implementation of interventions to
reduce its prevalence

This report, which is the first of these two outputs, presents findings from our focused
review of evidence. Because of the tight time schedule and the availability of recent
comprehensive reviews on the topic (2—4), this study was not designed to carry out a
new systematic review, but to use the existing high quality summaries as starting points
and update searches of literature only when needed.
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Methods

We took as the starting point for our search for evidence the findings of Norton and
colleagues (4). For the seven risk factors which they considered, we searched for very
recent systematic reviews or primary empirical studies published from January 2015
onwards for any possible new evidence, or more comprehensive reviews. Similar to
Norton et al (4), a review was considered to be more comprehensive if it included a
larger number of studies than any previous reviews and pooled them using an
appropriate meta-analytic method.

For the risk factors which Norton and colleagues (4) did not consider - alcohol, diet,
mental distress, social isolation and loneliness, and air pollution - we searched for
relevant papers in the recent NICE review on mid-life risk factors and dementia in older
age (3,5). When necessary we conducted additional searches for papers published
since 2000. We also checked the World Alzheimer Report 2014 (6) for any relevant
studies on mid-life risk factors and older age all-cause dementia which our search had
not identified.

We searched for papers which reported as outcomes dementia or Alzheimer's disease
or cognitive impairment. Our search terms included combinations of these outcome
variables and risk factors, eg ‘dementia and smoking' or 'Alzheimer's and diet'. We
searched Ovid Medline, Pubmed, Psycinfo and Cochrane database. We excluded
papers published before the dates mentioned above, papers in languages other than
English, papers reporting changes to the brain rather than dementia, Alzheimer's or
cognitive impairment, and papers with less than good quality and applicability, ie papers
rated less than + or ++ in the NICE review 2 (5).

We have not included in this report all the papers we have found. This is because the
aim of this study is not to report a systematic review, but to provide evidence of value to
commissioners in making decisions about what primary prevention measures to
commission. We have focused on papers reporting impact on dementia or Alzheimer's
disease, except in the case of risk factors where we have found only papers reporting
impact on cognitive impairment (using a dementia screening measure such as MMSE
score cut-off).

We have concentrated on papers reporting quantitative findings on the relative risk or
odds ratio of onset of dementia as between those experiencing and those not
experiencing the risk, eg smokers compared to non-smokers. The reason is that a major
purpose of the review is to provide evidence to incorporate in a tool to assist local
commissioners and other stakeholders to prioritise primary prevention activity.
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We report the evidence separately for each risk factor and show a summary of the key
papers in Appendix Table 2. We also report evidence relating to combinations of risk
factors. While most of the studies we found followed up people with and without an
individual risk factor, for example comparing smokers and non-smokers, a few followed
up people with and without a combination of risk factors. These latter studies reported
the effect of the count of risk factors (not separating out each combination) (7), and/or
used cognitive functioning as outcome (8 (also a wide age range from 24 to 74), 9),
which made it difficult to use the findings in the present work.

The risk factors we are considering are correlated, as discussed in Norton et al (4) who
report adjusted population-attributable risk estimates which take account of the
correlation. We report both the relative risk estimates as presented in the papers and
adjusted relative risk factors, where the adjustment is based on Norton et al. It is in
general the adjusted estimates that are relevant for consideration of the likely impact of
interventions.

If, for example, people with risk factor A are twice as likely to have risk factor B than
those without risk factor A, relative risk estimates obtained by following up and
comparing people with and without risk factor A will implicitly include the effect of their
above-average probability of risk factor B. Yet interventions relating to risk factor A may
generally not impact on risk factor B. For this reason, the adjusted relative risk
estimates should generally be used when assessing the likely impact on future
dementia incidence.

It is important to recognise that reduction in some risk factors, for example smoking,
affects mortality as well as dementia incidence. People who stop smoking in middle age
experience considerably improved life expectancy. It is therefore entirely possible that,
while they may gain a reduced risk of onset of dementia at a given age, for example in
their seventies, their lifetime risk of onset of dementia may be higher than if they had not
given up smoking, because they survive to an age where dementia prevalence is
higher. Analyses by Anstey et al (10) found that, while population-level reductions in
smoking, sedentary lifestyle and obesity increase longevity and number of years lived
without cognitive impairment, years lived with cognitive impairment may also increase.
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Physical activity (PA)

Key findings:

e evidence that mid-life physical inactivity is highly prevalent and increases the risk
of all-cause dementia (7,11). For the purpose of this paper we focus on a study
which shows that mid-life leisure-time physical activity of at least 20 to 30
minutes at least twice a week is associated with a reduced risk of all-cause
dementia (odds ratio, OR: 0.47, 95% confidence interval, Cl: 0.25, 0.90) (11)

e 33% of the population in the UK are physically inactive while the population-
attributable risk of Alzheimer’s disease for physical inactivity is 21.8% (95% CI:
6.1, 37.7) (4)

e main caveats: most of the cohort studies look at physical activity in old age and
dementia, using shorter than ten-year follow-ups

Barnes and Yaffe (2) refer to a systematic review by Hamer and Chida (12), which
identified 16 prospective studies of the association between physical activity and
dementia. The risks associated with inactivity (less than 20 minutes of vigorous activity
on three or more days or 30 minutes of moderate activity on five or more days per
week) have a relative risk, RR, of 1.39 (95% CI: 1.16, 1.66) for all-cause dementia.
However, the review pools the results from samples of middle aged and older people.
We, therefore, looked for studies specifically of mid-life physical activity in the NICE
review (3,5). We excluded one study because of retrospective physical activity measure
(asking people to recall how much physical activity they had undertaken many years
earlier), one study that did not include dementia as an outcome, and two studies
because of poor quality (according to NICE). We considered the two remaining relevant
studies on leisure time physical activity.

In one of these two studies, Rovio and colleagues (11) studied leisure-time physical
activity in mid-life (ages 39 to 64) that lasts at least 20 to 30 minutes and causes
breathlessness and sweating at least twice a week and followed up all-cause dementia
21 years later (ages 65 to 79) in Finland (see Table 2 in appendix). They reported a
protective effect of exercising on dementia (OR: 0.47, 95% CI: 0.25, 0.90), which was
similar for both men (OR: 0.31, 95% CI: 0.09, 1.12) and women (OR: 0.43, 95% CI:
0.14, 1.28).

In a second study, Elwood and colleagues (7) investigated physical activity (walking two
or more miles to work each day, or cycling ten or more miles to work each day, or
‘vigorous’ exercise described as a regular habit) among Welsh men in mid-life (ages 45
to 59), and followed up about 30 years later for all-cause dementia at ages

70 to 85. They reported a protective effect on dementia (OR: 0.41, 95% CI: 0.22, 0.77),
which was fairly similar to what Rovio et al (11) found, but restricted to men only.
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Both of these studies reported a high participation rate: 73% in Rovio et al (11) and 77%
in Elwood et al (7). Moreover, Rovio et al (11) also used medical records data on all of
those who participated in the baseline (baseline participation rate 97%), and received
similar results (not reported in their paper). The studies, however, lack a precise
definition of physical activity, in that they do not report whether the participants were
physically active just in the last few weeks or months before baseline interview, or for
several years before interview. Rovio et al (11) uses quite a conservative cut-off for
physical activity (20 to 30 minutes at least twice a week) and they refer to some
previous studies which also used this cut-off.

We also found some studies which specifically looked at work-related physical activity,
but the association between such physical activity and dementia was reported to be
weak (13,14). A recent study from Sweden (15) suggested that the association between
mid-life physical inactivity and dementia may be only evident among obese people.
Stronger associations between mid-life physical inactivity and dementia among
overweight compared to normal weight, and also men compared to women were
reported in a Finnish study (16) which used the same data as Rovio et al (11). They
analysed physical activity in three categories and compared the low activity (a few times
a year) to high activity (two to three times a week) and moderate activity (two to three
times month to once a week).

We also found a recent study using Finnish twins, which reported physical activity from
ages 24 to 60 and followed-up dementia deaths for 29 years (17). Persistent vigorous
physical activity (measured on two occasions six years apart in mid-life) was associated
with a lower risk of dementia death (hazard ratio, HR: 0.65; 95% CI: 0.43 — 0.98). Using
samples of twins enables adjustment for genetic and early environmental effects.
Twin-pairs discordant for physical activity showed a HR of 0.48 but wider confidence
intervals (0.17 — 1.32). The paper investigates dementia deaths rather than actual
dementia diagnosis, which may restrict the opportunities to compare the results to the
other studies. However, it points to associations in the same direction as previous
studies that used dementia diagnosis, ie that physical activity is associated with lower
risk of dementia.

Physical activity appears to be the most promising mid-life approach to reduce the risk
for dementia. Norton et al (4) estimated that, of the key risk factors which they
considered (diabetes, hypertension, obesity, physical inactivity, depression, smoking
and low educational attainment), physical inactivity had the highest prevalence (33%)
and relative risk for Alzheimer’s disease in the UK. Hence bearing the largest weight in
population-attributable risk. According to Norton et al (4), the population-attributable risk
for physical inactivity is 21.8% (95% CI: 6.1, 37.7), whereas for the two next biggest risk
factors, low educational attainment and smoking, it was 12.2% (95% CI: 7.6, 16.9) and
10.6% (95% CI: 2.9, 19.4) respectively.
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Three recent reviews (18-20) also suggested physical (or leisure time) activities as
among the most potentially effective lifestyle modifiers of later life dementia. Although
the size of impact may be only moderate. The World Alzheimer Report, however, gives
a more cautious summary of the effects of physical activity both in mid-life and old age
(6). It cites only two studies focusing on mid-life leisure time physical activities, however,
and does not carry out a meta-analysis. Yet, both of these two studies showed similar or
even stronger association with dementia compared to the pooled estimate reported in
Barnes and Yaffe (2). These two studies were also included in the NICE review (3,5),
one of which is described in more detail above (11), and the other one excluded from
this report because it used a retrospective measure of physical activity (21).
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Alcohol

Key findings:

e the association between mid-life alcohol use and risk of all-cause dementia
appears to be quadratic or J-shaped such that light to moderate use of alcohol is
associated with the lowest risk of dementia. See Figure 1, NICE review (5) and
World Alzheimer Report (6). Insufficient evidence restricts the conclusions. There
is, however, evidence that heavy and chronic drinking results in specific
dementia-type symptoms

e 9% of men and 4% of women in the UK show signs of alcohol dependency
according to the NHS England (22)

e main caveats: insufficient evidence, mixed risk in the group of abstainers, issues
around causality, selection and measuring drinking

The study by Norton et al. (2014), which is based on Barnes and Yaffe (2), did not
include alcohol use on their list of major risk factors for dementia. Di Marco et al (20)
and Baumgart et al (18) concluded that the evidence of effects of alcohol use on
dementia is inconsistent. The World Alzheimer Report presents a meta-analysis on
alcohol use and dementia, but pools the results from mid-life and old age (6). The NICE
review (3,5) reported three original studies of mid-life alcohol use (7,23,24). Two of
these studies were excluded from our review because they did not have dementia or
cognitive impairment as an outcome.

A Finnish population-based study (24) had a good measure for alcohol consumption,
and assessed also binge drinking and pass-outs. Moreover, alcohol consumption was
measured repeatedly and participants were twins which made it possible to control for
some causal mechanisms. The sample was aged 38+ years at the first and 44+ years at
the second measurement occasion, and 65+ years at dementia screening. Cognitive
impairment was based on a screening instrument which was similar to MMSE. The
association was quadratic, so that both abstainers OR: 1.51 (95% CI: 1.04, 2.18) and
heavy drinkers (> 7 drinks for women, > 14 for men) OR: 2.03 (95% CI: 1.17, 3.54) were
more likely to develop cognitive impairment than light drinkers (>0 and <3 drinks per
week). Moderate drinkers (> 3 and <7 drinks for women, > 3 and <14 drinks per week
for men) did not differ from light drinkers (OR: 0.97; 95% CI: 0.58, 1.32).

The association between heavy drinking and cognitive impairment became even
stronger when persistent alcohol consumption (on both measurement occasions) was
taken into account. For heavy drinkers compared to light drinkers the OR was 2.23
(95% CI: 1.29, 3.86). Binge drinking (drinking more than five bottles of beer, one bottle
of wine, half of a bottle of spirits, or an equivalent amount of other beverages on the one
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and same occasion at least monthly) reported at one time point (OR: 1.87; 95% CI:
1.04, 3.38) and at two time points (OR: 1.98; 95% CI: 1.05, 3.72) and pass-outs
(3+ times/year vs. never (OR: 4.10; 95% CI: 1.54, 10.94) were also associated with
cognitive impairment. The discordant twin analysis showed weaker associations
between alcohol consumption and cognitive impairment, suggesting that the
associations may not be fully causal, but partly determined by genetic and familial
effects.

A recent paper (25) using the Swedish twin registry sample showed that compared to
light drinking (>0 and <5 g/d), heavy (>12 and < 24 g/d) and very heavy drinking (>24
g/d) in mid-life (ages 42 to 64) was associated with increased risk of dementia (HR:
1.10, 95%CI: 1.01, 1.19 and HR: 1.18, 95%CI: 1.01, 1.36, respectively). Figure 1 shows
the estimated risk for different groups of alcohol consumption in this study. The study
also showed that there was a protective effect of light wine drinking compared to never
drinking wine or heavy drinking of wine. Beer and spirit drinking appeared to have a
linear effect on dementia, with each unit increase in consumption raising the risk of
dementia.

Discordant twin analysis showed that the twin consuming very heavy amounts of
alcohol had almost five years shorter time to dementia onset compared to the co-twin
who consumed light amounts (estimate = -4.76, SE = 2.01, p = .019). The risk of
dementia diagnosis was higher in a member of the twin pair with moderate to heavy
alcohol consumption (OR: 1.57, 95%CI: 1.04, 2.37). This association was even higher
among monozygotic discordant pairs (OR: 3.07, 95%CI: 1.37, 6.86) than among
dizygotic twins, which suggests that genetic and early life environmental factors do not
explain the association.

It is difficult to be confident about the link between alcohol consumption in mid-life and
onset of dementia later in life because of the non-linear J-shaped association between
alcohol consumption and risk of dementia (see Figure 1), mixed risk in the group of
abstainers, mixed results on trying to assess causality and difficulties in measuring
drinking behaviours in surveys (reporting bias, selection) (6). However, chronic and
heavy alcohol use involves serious health risks and can lead to dementia-type
symptoms (alcohol-related brain damage due to nerve cell damages and tissue
shrinkage, and vitamin B1 deficiency also known as Korsakoff’'s syndrome) (26).
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Figure 1 Estimated relative risk (RR) of dementia among those reporting no, moderate,
heavy and very heavy alcohol use compared to those reporting light alcohol use in mid-
life.
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Source: Handing et al. (25)
The 95% confidence interval is shown with a vertical line through the point estimate.
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Smoking

Key findings:

e evidence that current smoking increases the risk of all-cause dementia whereas
past smoking is not associated with increased all-cause dementia risk: a recent
review found an estimated RR of 1.30 (95% CI: 1.18, 1.45) for current smoking
and risk of all-cause dementia (27). Past history of smoking was not associated
with dementia

e about 20% of the adult population are current smokers in the UK while the
population-attributable risk of Alzheimer’s disease for smoking is 10.6% (95% CI:
2.9,19.4) (4)

e main caveats: the history of smoking is difficult to study in surveys to establish
when, and for how long, the behaviour change in mid-life is needed for dementia
risk reduction in old age

Barnes and Yaffe (2) state that, while several earlier studies reported that smoking was
associated with reduced risk of Alzheimer’s disease, more recent studies have found
the reverse. Barnes and Yaffe (2) refer to three separate meta-analyses with somewhat
different findings. The World Alzheimer Report presents a meta-analysis of seven
studies with weak effect of current vs never smoking on all-cause dementia (RR 1.20;
95% CI: 0.96, 1.44) and current smoking vs current non-smoking on all-cause dementia
(RR: 1.28, 95% CI: 0.99, 1.60) (6).

We focused on a recent review of studies on the effect of smoking on all-cause
dementia based on 37 papers published from 1999 onwards and using several
subgroup and sensitivity analyses (27): see Table 2 in appendix. This review reported
the relative risk of developing all-cause dementia for smokers to be 1.30 (95% CI: 1.18,
1.45). The paper also reports dose-response effects based on two empirical studies: the
risk of dementia increased by 34% for every 20 cigarettes per day (RR: 1.34, 95% CI:
1.25, 1.43), illustrated in Figure 2. Past history of smoking was not associated with
dementia. The risk of all-cause dementia did not differ between never smokers and
former smokers (RR: 1.01, 95%CI: 0.96, 1.06).

Current smokers aged 65 to 75 years at baseline showed increased risk of all-cause
dementia and AD compared to those aged over 75 or under 65 years, but the difference
between these subgroups was not significant. Sex, study location, race and several key
study characteristics, including sample size, mean duration of follow-up and loss to
follow-up rate, did not systematically affect the result when comparing the RRs of
all-cause dementia and AD for current, former and never smoking between the studies.
The previous reviews considering multiple risk factors suggest moderate evidence of
smoking as a risk factor for dementia (18,19).
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Figure 2 Estimated increase in risk of dementia by number of cigarettes smoked per
day.
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The World Alzheimer Report (6) highlights smoking as one of the key risk factors for
dementia with moderate evidence, despite the rather meagre results in their
meta-analysis. For example, the report cited five studies which compared dementia risk
among current smokers and never smokers. Of these studies only two showed an effect
of current smoking on dementia. The pooled RR for the five studies was 1.20 (95% CI:
0.96, 1.44). Although the effect was quite modest and confidence interval wide, the
report emphasised the consistency of findings on the direction of the effects (6).
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Diet

Key findings:

e the evidence of diet on risk of dementia is scarce and inconclusive
e main caveats: studies have concentrated on immediate health effects rather than
long-term patterns from mid-life to older age

The evidence of the effects of diet on dementia is inconsistent (19). There have been
few studies, which makes it difficult to establish the pattern of association. Norton et al
(4) and Barnes and Yaffe (2) did not include diet in their list of major risk factors for
dementia. The World Alzheimer Report (6) cites several studies on the associations
between diet and dementia, all of them measuring diet in old people and not separating
out the effect from mid-life, and some using cognitive decline rather than dementia as
outcome. In the NICE review (3,5), seven studies looked at mid-life diet, but three of
these studies were not relevant for our report because they used cognitive decline and
not dementia as outcome.

Among the studies that were relevant, there was some indication that high saturated fat
intake was associated with increased risk of dementia (28,29). However, this
association seemed to follow a quadratic pattern, so that moderate fat intake was
associated with the lowest risk of dementia, whereas no fat intake and high fat intake
were associated with increased risk (30). The results for coffee and tea drinking, and
fruit and vegetable consumption were inconclusive. A recent review on the effect of
coffee, tea and caffeine consumption on dementia did not find any consistent pattern of
association (31). Antioxidants intake also showed an inconsistent pattern.

A better approach than just paying attention to individual items of diet may be to look at
diet as a whole. There are a number of recent reviews and interventions looking at
healthy eating on dementia, eg Mediterranean diet (32), Mind diet (33) and Nordic diet
(34). The basis of a Mediterranean diet (and these other approaches) is similar to that
shown in the Eatwell Guide — the UK recommendations for healthy eating. However, as
the impacts of dietary patterns on dementia have been investigated only with short
follow-ups in these studies (6,18), the existing literature cannot establish the link
between diet change in mid-life and dementia in later life. Studies need to use longer
follow-ups and also consider the link through other risk factors, such as diabetes and
obesity.
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Diabetes

Key findings:

e evidence that diabetes (Type 1 or Type 2) increases the risk of all-cause
dementia

e alarge case-control study based on data from the Finnish national health
insurance registry found an OR of 1.60, 95% CI: 1.34-1.84 (35) between mid-life
diabetes and Alzheimer’s disease

e a Swedish co-twin matched case-control study found an OR of 2.51 (95% CI:
1.10, 5.72) for the association between mid-life diabetes and all-cause dementia
(36)

e the prevalence of diabetes is 5% in the UK, while the population-attributable risk
of Alzheimer’s disease for diabetes is 1.9% (95% CI: 0.8, 3.1) (4)

e main caveats: most studies focus on diabetes in older age only (which entails
problems of possible reverse causation), very few looking at mid-life diabetes

Norton et al (4) report an RR of 1.46 (95% CI: 1.20-1.77) for the association between
diabetes mellitus between ages 20 and 79 and AD. However, this estimate is drawn
from a meta-analysis of 19 studies where most of the participants were 65+ with short
follow-up (37). Barnes and Yaffe (2) use another review (38) which gives an estimate for
all-cause dementia (RR: 1.47, 95% CI: 1.25, 1.73). This is, however, also restricted to
people aged 60+.

The World Alzheimer Report review focuses on late-life diabetes (type | or type Il) and
dementia (6). It identifies three studies from mid-life, but because of small numbers
does not provide a meta-analysis. The three studies cited in the report all used medical
records as a source of information on the diagnosis. Their results suggest that the
association between diabetes and dementia is possibly stronger when diabetes is
evident already in mid-life compared to having diabetes in older age.

Of the three included studies in the World Alzheimer’s report, a US study on enrolled
members of a health plan showed that diabetes in mid-life (age 40 to 44) was
associated with dementia 30 years later (RR: 1.46; 95% CI. 1.19, 1.79) (39). A large
Finnish case-control study based on national health insurance registry data showed that
diabetes diagnosed at mid-life (age 40 to 64) was more strongly associated with
Alzheimer’s disease (OR 1.60, 95% CI: 1.34-1.84) than diabetes diagnosed in later life
(age 65+) (OR 1.25, 95% CI: 1.16-1.36) (35), see Table 2 in appendix for a summary.

A Korean study, also based on the national health insurance registry, showed that mid-
life (age 40 to 64) raised blood glucose levels or diagnosis of diabetes were associated
with dementia when people were followed-up for 14 years (40). The association was
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particularly strong with vascular dementia (HR: 2.3; 95% CI: 1.5 -3.3 for men, and HR:
3.0; 95% CI: 1.8 — 5.1 for women), and somewhat weaker with Alzheimer’s disease
(HR: 1.6; 95% CI: 1.2 -2.1 for men and HR: 1.2; 95% CI: 0.8 — 1.7 for women). The
paper does not report pooled results for all-cause dementia.

Our further search for studies specifically on mid-life diabetes found a review of 14
original studies which separated the effect of mid-life (age 45 to 65) and old age
diabetes (66+) on dementia (41). This review gave a pooled median OR 2.2 for mid-life
diabetes and 1.6 for old age diabetes (no Cls reported, but can be calculated from the
extraction tables). The follow-up times vary between 25 and 35 years in the mid-life
samples and two and 12 years in the older age samples.

A large Swedish twin study reported that mid-life diabetes (onset before age 65)
increased risk of dementia (OR: 2.76, 95% CI: 1.97, 3.87), whereas the association
between older age diabetes (onset at 65+) and dementia (after age 65) was somewhat
weaker (OR: 1.63, 95% CI: 1.23, 2.16) (36), see Table 2 in appendix for a summary.
The study looked at both Type | or Type Il diabetes. The study also provided co-twin
matched case-control results for the association with dementia of mid-life diabetes (OR:
2.51, 95% CI: 1.10, 5.72) and of older age diabetes (OR: 0.68, 95% CI: 0.30, 1.53).

The pattern of the weakening association when genetic factors and early environment
were taken into account, suggests that the association between late-life diabetes and
dementia in unmatched comparisons is likely to be caused by factors that affect both
diabetes and dementia. Another Swedish study of women provided an HR of 1.95 (95%
Cl: 0.94, 4.05) for mid-life diabetes (ages 38 to 60) and all-cause dementia 34 years
later (ages 72 to 94)(15). The participation rates for these two studies were 68% (36)
and 70% (15).
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Hypertension

Key findings:

e evidence that mid-life hypertension increases the risk of all-cause dementia (2,4).
The estimate reported by Norton et al (4) is RR 1.61 (95% CI: 1.16, 2.24)

e the prevalence of hypertension is 12% in the UK, while the population-
attributable risk of Alzheimer’s disease for mid-life hypertension is 7.0% (95% CI.
1.9, 13.3) (4)

e main caveats: the association between hypertension and dementia changes with
age Even though anti-hypertensive treatments are common in mid-life, we have
not found any trials which have investigated the long-term effects on dementia

Norton et al (4) report an RR of 1.61 (95% CI: 1.16, 2.24) for the association between
mid-life hypertension and AD. This is a pooled estimate of mid-life hypertension and
older age dementia (AD and all cause), based on four studies (39,42-44) reviewed in
Barnes and Yaffe (2). See Table 2 in appendix for a summary. See Appendix 1 in
Barnes and Yaffe (2) for the final selection of studies and slightly different cut-offs of
hypertension used for the pooled estimate.

This review showed that mid-life hypertension is more strongly associated with later life
dementia than hypertension in older age. The World Alzheimer’s Report cited five
studies from mid-life (most of which were the same as used in the Barnes and Yaffe
report) and stated that mid-life hypertension is a risk factor for all-cause dementia (6).
The report also highlighted the lack of any trials which examined the impact on
dementia of antihypertensive treatments in mid-life. In a review by Baumgart et al (18),
mid-life hypertension was listed as one of the important risk factors for dementia, with
moderate strength of evidence.
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Obesity

Key findings:

e evidence that mid-life obesity increases the risk of all-cause dementia (2,4). The
estimate of relative risk reported by Norton et al (4) and Barnes and Yaffe (2) is
1.60 (95% CI: 1.34, 1.92)

e the prevalence of obesity in the UK is 12%, while the population-attributable risk
of Alzheimer’s disease for mid-life obesity is 6.6% (95% CI: 3.9, 9.8) (4)

e main caveats: the role of obesity as a risk factor for dementia may depend on
age of the individual and also the type of measure used for obesity

Norton et al (4) report an RR of 1.60 (95% CI: 1.34, 1.92) for the association between
mid-life obesity and AD. This figure is based on a pooled estimate from six studies of
obesity (BMI = 30+) measured in mid-life and taking both AD and all-cause dementia as
an outcome (2, Appendix 3). See Table 2 in appendix for a summary. Similar to
hypertension, obesity in older age shows a different pattern of association with
dementia, with obesity in old age becoming more of a protective factor and underweight
a risk factor for dementia (2,45). This suggests reverse causation due to weight loss
during the preclinical phases of dementia, experienced as early as late 50s (46).

The World Alzheimer Report (6) refers critically to the previous evidence on obesity
from mid-life, but does not carry out a new meta-analysis. The criticism was mostly
targeted on a review (47) published two years before Barnes and Yaffe (2). The Anstey
et al (47) review did not seem to include all available evidence, which may have led to
overestimation of the pooled RR (6). Barnes and Yaffe (2) included a wider range of
studies, some of them not used in the Anstey et al (47) review. The World Alzheimer
Report review also points to recent evidence on the use of central obesity

(eg waist-to-hip ratio) instead of BMI (6). Compared to BMI, central obesity appears to
be more consistently associated with a higher risk of dementia. There are, however, not
enough studies yet to draw a comprehensive conclusion. Mid-life obesity has been
reported as an important risk factor for dementia, with moderate evidence in two other
recent reviews on the risk factors (18,19).
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Cholesterol

Key findings:

¢ the evidence of the effects of high cholesterol on dementia is not clear (see 6,18)

e main caveats: very few studies on the association of mid-life cholesterol and
dementia available. Cholesterol may be a risk factor for dementia only at very
high levels (not usual in current populations)

Norton et al (4), Barnes and Yaffe (2) and the NICE review (3,5) did not include
cholesterol on their list of major risk factors for dementia. Only a few studies from mid-
life are available and the evidence is generally inconsistent (6,18). The World Alzheimer
Report (6) suggests that cholesterol may be a risk factor for dementia only at very high
levels which are not usual for most populations today. There are some reports
suggesting that long-term treatment of hyperlipidaemia might be beneficial in reducing
dementia risk (6,19).
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Depression

Key findings:

e there is some evidence that mid-life depression increases the risk of all-cause
dementia (48), with HR: 1.19 (95% CI: 1.07, 1.32)

e the prevalence of depression is 14% in the adults in the UK, while the population-
attributable risk of Alzheimer’s disease for depression is 8.3% (95% CI: 5.5, 11.3)
4)

e main caveats: Most studies on the association between depression and dementia
focus on older ages, although they collect data on lifetime episodes. Later life
depression may be difficult to disentangle from preclinical symptoms of dementia
and the order in which they occur may be uncertain

Norton et al (4) report an RR of 1.65 (95% CI: 1.42, 1.92) for the association between
depression and AD. This figure is based on a meta-analysis of data from studies on
lifetime depression (aged 50+) and dementia (49). Their report also provides a pooled
estimate for all-cause dementia (RR: 1.85, 95% CI: 1.67, 2.04). The follow-up periods
are relatively short, on average five years. The World Alzheimer’s Report found little
evidence on mid-life depression and did not carry out any meta-analysis on mid-life
depression and dementia (6).

A search for studies separating mid-life depression from old age depression yielded one
study by Barnes et al (48), see Table 2 in appendix. This study used a large cohort of
Californians whose depression was measured at age 44 to 60 with a self-reported item
and medical records. No information on antidepressant use was collected. The
participation rate for the eligible sample in this study was 71%.

The study showed that all-cause dementia (measured from age 60 onwards and three
years after the depression measurement) increased by approximately 20% for mid-life
depressive symptoms only (at ages 40 to 55) (HR: 1.19, 95% CI: 1.07, 1.32), 70% for
late-life symptoms only (ages 57 to 90) (HR: 1.72, 95% CI: 1.54, 1.92), and 80% for
both (HR: 1.77, 95% CI: 1.52, 2.06). In line with the World Alzheimer Report review on
studies in older age depression and dementia (6), these results suggest that the
association between late old age depression and dementia is stronger than between
mid-life or younger old age depression and dementia. This may be because of
fluctuation of depressive symptoms and changes in diagnosis of depression over time,
because the follow-up period was not long enough for the younger participants in the
sample to reach the point of diagnosis of dementia, or because older age depression
may be strongly associated with dementia, making it difficult to determine causal
relationships.
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Mental distress

Key findings:

e the evidence on mental distress is similar to that for depression but scarce: the
association from mid-life mental distress to old age dementia is weak, probably
due to fluctuation and other measurement issues over time

e main caveats: different measures are used in different studies, which make it
difficult to triangulate findings between studies. It is also important to note that
several mental distress items overlap with depression

Mental distress was not included as a dementia risk factor in Norton et al (4) or Barnes
and Yaffe (2). The NICE review (3,5) cited one study using depression and anxiety
scores from mid-life which showed that mental distress was associated with dementia
(OR: 1.35, 95% CI: 1.01, 1.80) (50). The association was stronger among those who
were younger at baseline with OR of 2.44 (95% CI: 1.18, 5.05) for 30 to 44 years old,
compared to OR of 1.24 (95% CI: 0.91, 1.69) for 45 to 60 year olds.

The World Alzheimer Report (6) cited a paper on mid-life anxiety in a sample of Welsh
men (48 to 67 years) at baseline, who were followed up for dementia 17 years later
(51). Higher anxiety (31st-95th centile on the Spielberger State Trait Anxiety Inventory)
was associated with dementia (OR: 2.37; 95% CI: 0.98, 5.71).

A further search for recent papers found one study on ‘hopelessness’ in mid-life and
dementia in older age. This paper reported that each step on the five-level
hopelessness scale increased cognitive impairment (OR: 1.30, 95% CI: 1.11, 1.51) and
Alzheimer’s disease (OR: 1.37, 95% CI: 1.05, 1.78) (52). The associations remained
significant after adjustment for depressive feelings and for hopelessness at baseline.
Unlike the level of hopelessness score at baseline, the changes in hopelessness scores
between mid-life and follow-up were not systematically related to cognitive impairment.

In another paper (53), the effect of mid-life distress (eg feelings of irritability, tension,
nervousness, fear, anxiety or sleep disturbances) and psychosocial stressors (eg
divorce, widowhood, work problems and illness in relative) on dementia was assessed
in Swedish women. The number of psychosocial stressors at age 38 to 60 was
associated with higher incidence of all-cause dementia (HR: 1.15, 96%CI: 1.04, 1.27).
The number of psychosocial stressors (HR: 1.17, 95% CI: 1.03, 1.33) and long-standing
distress (1968-1974-1980) (HR: 1.58, 95% CI: 1.03, 2.45) were independently
associated with AD (but the paper does not show the associations with all-cause
dementia).
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The same research group published another paper focusing specifically on mid-life
distress in the same sample of Swedish women (54). They found that later risk of
dementia was higher among those who reported frequent and constant stress at the
three measurement points: at age 38 to 60 (HR: 1.60, 95% CI: 1.10, 2.34), at age 44 to
66 (HR: 1.65, 95% CI: 1.12, 2.41) and age 50 to 72 (HR: 1.60, 95% CI: 1.01, 2.52).
Reporting stress at one, two or three examinations was related to a sequentially higher
dementia risk. Compared to women reporting no stress, hazard ratios for incident
dementia were 1.10 (95% CI: 0.71, 1.71) for reporting frequent and constant stress at
one examination, 1.73 (95% CI: 1.01, 2.95) for reporting stress at two examinations and
2.51 (95% CI: 1.33, 4.77) for stress at all three examinations.
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Social isolation and loneliness

Key findings:

e there is no robust estimate of the impact on dementia of mid-life social isolation
or loneliness

e main caveats: although there are papers looking at social isolation and/or
loneliness and dementia in old age, very few studies report the long-term effects
from mid-life to older age

Neither Norton et al (4) nor Barnes and Yaffe (2) included social isolation or loneliness
as a dementia risk factor. One study (55) cited in the NICE review (3,5) looked at the
association between social network size in mid-life and impaired cognition in older age.
Each additional person in the network decreased the odds of having MMSE score lower
than 27 (OR = .84, p = .01). Reviewed also in the NICE review, Kareholt et al (56) found
that social activities in mid-life were not associated with cognitive impairment (MMSE) in
older age.

There are a number of studies looking at the concurrent association between social
engagement, isolation or loneliness and dementia or cognitive functioning in older age.
For instance, the World Alzheimer Report included some studies on social engagement
measured in old age (6). A review by Fratiglioni et al (57) reported the links between
older age social and leisure activities and dementia, with follow-up times varying
between one and eight years.

An English study used social engagement independently and together with educational
level and occupational complexity to measure cognitive lifestyle and risk of dementia
(58). However, social engagement was measured only in older age. Because of these
limitations, these studies cannot disentangle the long-term effects of social participation
in mid-life. The search for more recent studies did not provide any new relevant papers
on the topic. The evidence of social engagement on dementia has been previously
reported to be unclear (18).

28



The effect of midlife risk factors on dementia in older age

Life-long learning and mental activities

Key findings:

e there are various studies on the impact on dementia of different types of learning
activities. They generally suggest an association between mid-life mental
activities and lower risk of dementia in later life, some of it explained by initial
educational level

e there is evidence that higher complexity of working with data among lower
educated people in mid-life can reduce the risk of dementia (RR: 0.52, 95% CI:
0.29, 0.95) (59)

e main caveats: a range of different measures used which makes it difficult to
compare the findings of the studies

Norton et al (4) and Barnes and Yaffe (2) report low education and cognitive inactivity to
be among the strongest risk factors for Alzheimer’s and all-cause dementia. However,
their measures focused on formal education attended mainly before adulthood and
cognitive interventions in old age, and therefore are not relevant when looking at the
mid-life modifiable risk factors.

In two previous reviews on risk factors, the evidence concerning learning and mental
activities was considered to be inconsistent (see 18,19). Our literature search found a
number of papers, but most of them focus on short-term effects of learning activities (eg
cognitive stimulation among people who already have cognitive impairment). However,
there were some original studies specifically looking at mid-life mental activities.
Kareholt et al (56) cited in the NICE review (3,5) showed that free-time political and
mental activities in mid-life were associated with less cognitive impairment (MMSE) in
older age among Swedish people. This paper reports a non-linear relationship between
participation in these activities and cognitive impairment (MMSE).

A US study cited in the World Alzheimer Report (6) used a small sample of male twins
to look at their leisure activities in mid-life (ages 40 to 50) and dementia in old age (from
63+) (60). A wide range of activities was considered including reading, studying, home
chores and hobbies, family visits, clubs, following media and going to concerts, movies,
theatre or museums. The study found an association between leisure activities,
especially those related to social aspects, and reduced risk of dementia, when genetic,
early life environment and occupational demands were adjusted in discordant twin-pair
analysis (for monozygotic discordant twin-pairs OR: 0.70; 95% CI: 0.53 — 0.19).

Another stream of literature investigates occupational complexity and later life dementia.
Occupational complexity relates to the amount of cognitive demand arising from
interaction with things (eg operating, manipulating or handling things), people (eg
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serving, supervising or speaking with people) and data (eg computing, analysing or
compiling data) in an individual’s daily job, and is a different measure from occupational
status. Adjustment for education and occupational status seems to weaken the
association with onset of dementia, suggesting that occupational complexity may be
partly overlapping with educational and occupational level, possibly acting as a mediator
on the pathway to dementia. However, it is an important factor to take into account, as
work forms a central part of mid-life time use and environment. Like occupational status,
it has limitations in assessing careers of people with unusual jobs, homemakers and
unemployed people.

There have been studies using data on twins in assessing the association between
occupational complexity and dementia. One of these studies was an American twin
registry study on WWII veterans (61). This study showed that working in occupations
with lower complexity in terms of dealing with data was associated with a higher risk of
dementia in a case-control setting (HR: 1.12; 95% CI 1.01, 1.23) and in twin-pairs
discordant for dementia (HR: 1.41; 965%CI: 1.02, 1.94). The paper also showed that
other job characteristics, such as mathematical, language and reasoning development
in each specific job, were associated with lower risk of dementia. All these effects
remained after adjusting for formal education. Occupational complexity with people and
things was not associated with dementia risk.

Another twin registry study including Swedish men and women showed that those who
have been working in occupations requiring high complexity in terms of working with
people had a lower risk of developing dementia in case-control analysis (OR: 0.86; 95%
Cl: 0.76, 0.98) and in twin pairs discordant for dementia (OR: 0.47; 95% CI: 0.25, 0.88)
(62). These associations were found when controlling for education. Complexity with
data also showed a trend of lowered risk of developing dementia, but the association
was weaker and generally not significant.

One Swedish study looked at life-long cognitive reserve in relation to childhood school
grades, qualifications and occupational complexity (63). All-cause dementia risk was
lower among individuals with higher childhood school grades (HR: 0.79, 95% CI: 0.68,
0.93) and was lower among individuals in data-complex occupations (HR: 0.77, 95% CI:
0.64, 0.92). Occupational complexity relating to people and things was not associated
with dementia. Professional/university education predicted lower risk of dementia in
minimally adjusted models (HR: 0.74, 95% CI: 0.60, 0.91), although the effect faded
with adjustment for occupational complexity. The lowest risk was found in the group with
both higher childhood school performance and high occupational complexity with data
(HR: 0.61, 95% CI: 0.50, 0.75). The authors concluded that high occupational
complexity could not compensate for the effect of low childhood grades, because
dementia risk was reduced in those with higher school grades, irrespective of
occupational complexity.
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Another study also from Sweden showed a lower dementia risk among those with
higher data-related complexity of work (RR: 0.85, 95% CI: 0.75,0.95) and among those
with higher people-related complexity of work (RR: 0.88, 95% CI: 0.80, 0.97) (59).
Adjusting for education led to similar results, although they were no longer statistically
significant. The highest degrees of complexity of work with data that involves analysing,
coordinating, and synthesizing data were associated with lower dementia risk even
among lower educated subjects (RR: 0.52, 95% CI: 0.29, 0.95). See Table 2 in
appendix. No gender differences were detected.

A Canadian study on occupational complexity found that the higher levels of complexity
in relation to people and things had a protective effect on dementia, but only when the
principal work career including this level of complexity lasted a longer time (for this they
divided the length of principal work lasting less than 23 vs. 23+ years) (64). Initial
unadjusted models showed several protective effects of occupational complexity, but
after adjusting for various factors including education, health-related behaviours and
health, the associations weakened considerably and disappeared for occupational
complexity related to data.

A recent systematic review of psychosocial work environment on cognition and
dementia in later life (65) included four of the studies reported above (59,61,62,64).

The review did not carry out a meta-analysis on the results, but drew conclusions based
on a narrative analysis that work complexity related to data and, to some extent, work
complexity related to people are associated with the risk of dementia in later life. The
associations may be partly due to reverse causality: people may select into occupations
requiring more data or people complexity because of their initial higher cognition. The
associations with dementia tend to weaken or even disappear when adjustment is made
for education or earlier life cognition. Some of the effects remained after adjusting for
earlier educational attainment, however, suggesting a potential independent or
mediating effect of occupational complexity.

Studies have also looked at older age at retirement and longer work careers as potential
promoters of better cognitive functioning and reduced risk of dementia. Although there
is some indication of reduced risk of dementia related to longer work careers, the
studies point to the difficulty of disentangling causality and selection bias in this
association (see 66). As the focus is on people already entering old age, the topic is
outside the scope of this review which is specifically focusing on mid-life factors.

There are also papers discussing the role of life-long bilingualism as one of the potential
factors contributing to cognitive reserve and postponing cognitive decline (67).
However, the findings are not consistent and there are various underlying mechanisms
which are not well understood (see for critical comments 68,69).
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Other

A number of other risk factors, such as air pollution, heavy metals, drug abuse, sleep
and hormones, have been suggested in various sources as risk factors for dementia,
but there is insufficient evidence to draw conclusions in these areas (see 18, 70-73).

Multi-component approach

Key findings:

e a higher number of risk factors is associated with increased risk of dementia (7,
39)

e main caveats: very little is known about which combination of risk factors has the
largest effect on dementia risk. The potential of biomarkers, genetic factors and
psychosocial factors (such as social interactions and mental distress) as part of
combined effects are not fully known

Although not many papers currently report the impact of a multi-component approach in
mid-life on dementia in later life, this is an area which is attracting increasing attention.
For instance, Andrieu and colleagues (1) suggested that trials should include
multi-domain interventions and use biomarkers or genetic information. This may make it
possible to provide targeted programmes which are better suited to specific subgroups
of people. For example, one variant of apolipoprotein gene (APOE e4 allele) increases
the risk of dementia, but it may also modify the effect of a number of risk factors for
dementia (74). Compared to those without this allele, those with e4 allele have a higher
risk of developing dementia which may be amplified by unhealthy lifestyles. That is,
e4-carriers may be more vulnerable to environmental risk factors. The evidence is,
however, inconsistent (75) and more research is needed. Genetic information may also
help to tackle the issues of causality in cohort studies (76).

The multi-component approach has thus far looked at whether there is an association
between the number of risk factors and onset of dementia. For example, Elwood et al
(7) showed that there was a significant trend of decreasing risk of dementia when
healthy lifestyles increased from O to 5 (including not smoking, normal weight, fruit and
vegetable consumption, regular activity and light to moderate drinking). However, the
confidence intervals around the findings on how much each additional healthy lifestyle
reduced the risk of dementia were wide, probably due to small numbers in each
subgroup.
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A composite score of cardiovascular risk factors (cholesterol, hypertension, diabetes
and smoking) in mid-life was found to have a dose-response association with dementia
(39). Compared with those having no risk factors, the risk for dementia increased from
1.27 for people having one risk factor to 2.37 (95% CI: 1.10, 5.10) for people having all
four risk factors. The study did not separate out which combinations of the risk factors
would have the strongest effect.

Norton et al (4) looked at the interrelationship between the risk factors in estimating the
risk of dementia. This approach aims to adjust for the combined effects, but does not
study the effect of each possible combination of risk factors. The approach is useful
when looking at the risk factors in isolation (as many studies do not adjust for all
possible other health-related behaviours). More studies are needed to shed light on
which specific combinations of health-related behaviours would be most powerful in
reducing dementia risk.

There have been some interesting recent developments in measuring multi-component
risk: Cardiovascular Risk Factors, Aging and Dementia (CAIDE) risk score (77),
Lifestyle for Brain Health (LIBRA) score (78) or chronic stress assessment (79) are
examples of some new measures. A number of interventions, such as the Grey Matters
study and FINGER study, focusing on multiple modifiable mid-life factors are already
reporting promising results in alleviating cognitive decline and may in the future provide
evidence on dementia reduction (see 80,81). A good summary of trials which include
health-related behaviours can be found in Andrieu et al (1).

None of these trials, however, has as yet used dementia as an outcome, but they may
do this in the future when follow-up periods are long enough. They, also, often focus
only on a specific cluster of risk factors (eg cardiovascular factors), restricting the
opportunity to understand the interplay between biological and psycho-social risks in old
age health.
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Conclusion

We have conducted and presented the findings from a focused review of the evidence
on the links between dementia and a number of potential risk factors. We have
concentrated on studies published since 2014 for the risk factors considered by Barnes
and Yaffe (2) and Norton et al (4), and on systematic reviews published since 2000 for
risk factors suggested by Public Health England but not covered by Barnes and Yaffe
(2) or Norton et al (4). We have looked in particular for findings on relative risk (RR),
odds ratios (OR) or hazard ratios (HR) that could be used to model the impact on future
incidence and prevalence of dementia of changes in the numbers of people with the risk
factors in mid-life.

We have found evidence that the following risk factors in mid-life are associated with an
increased risk of dementia later in life (see Appendix Table 2 for a summary of the
characteristics of the studies):

Physical inactivity in mid-life is highly prevalent and increases the risk of all-cause
dementia (OR: 2.13, 95% CI: 1.11, 4.00).

Current smoking increases the risk of all-cause dementia (RR: 1.30, 95% CI: 1.18,
1.45), whereas past smoking is not associated with increased all-cause dementia risk.

Diabetes increases the risk of all-cause dementia; while the samples in several reviews
include older people, there are some original studies specifically from mid-life (OR: 2.51,
95% ClI: 1.10, 5.72).

Hypertension in mid-life increases the risk of all-cause dementia (RR 1.61, 95% CI:
1.16, 2.24).

Obesity in mid-life increases the risk of all-cause dementia (RR 1.60, 95% CI: 1.34,
1.92).

Depression increases the risk of all-cause dementia; while the samples in several
reviews include older people, there are studies specifically for mid-life depression (HR:
1.19, 95% CI: 1.07, 1.32).

Mental activities in mid-life are associated with a lower risk of dementia in later life.

For example, higher complexity of working with data among lower educated people in
mid-life can reduce the risk for dementia (RR: 1.92, 95% CI: 1.05, 3.45).
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We have not found robust evidence that the following suggested risk factors in mid-life
are associated with an increased risk of dementia later in life:

Alcohol: while heavy and chronic drinking results in specific dementia-type symptoms,
there is a lack of robust evidence of a general effect on all-cause dementia.

Diet: the evidence on diet as a risk factor for dementia is inconclusive and scarce.

Mental distress in mid-life: the evidence for an impact on risk of dementia later in life
Is scarce and weak.

Social isolation/loneliness: very few studies report the long-term effect of mid-life
social isolation or loneliness on risk of dementia in to older age.

Air pollution, heavy metals, drug abuse, sleep and hormones have been suggested
as possible risk factors, but there is insufficient evidence to draw conclusions.

It is important to recognise that:

e we have conducted a focused and not a systematic review. The aim of this study
was not to conduct a systematic review but to provide evidence of value to
commissioners in making decisions about what primary prevention measures to
commission

e we have concentrated on risk factors in mid-life. While factors in mid-life which
are found to be associated with later onset of dementia may be causative, factors
associated with dementia in old age may have a more complex relationship with
dementia, with causation potentially running in either direction

e the risk factors we consider are correlated. Where an intervention relates to just
one risk factor and does not extend to other risk factors with which it is
correlated, use of unadjusted relative risk estimates would overstate the likely
impact of the intervention: adjusted relative risk estimates should be used when
assessing the likely impact on future dementia incidence

e reduction in some risk factors, for example, smoking affects mortality as well as
dementia incidence. People who change behaviours in middle age may
experience considerably improved life expectancy. It is therefore possible that,
while they may gain a reduced risk of onset of dementia at a given age, for
example in their seventies, their lifetime risk of onset of dementia may rise and
be higher than if they had not changed their behaviours
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Areas for future research

Further studies are required to examine the impact on incidence of dementia of life-style
changes in mid-life. The studies should follow up a cohort of people in mid-life recording
at regular intervals the amount of physical exercise they undertake, the amount of
alcohol they consume and other possible risk factors. They should then continue to
follow up the cohort into late old age, recording at regular intervals their cognitive
function, onset of dementia and quality of life. Such studies, however, are complex, of
very long duration and costly.

The association between the different risk factors needs to be studied in greater detail
to explore the impact of changes in combinations of risk factors. It will be important to
understand the impact on incidence of dementia in old age of changes at different ages
in different combinations of risk factors.

A number of potential risk factors have been studied very little. For example, social
isolation and loneliness, even though there is a wealth of evidence for the effect of
social interaction and support on well-being and general level of cognition in older age.
Research is warranted on the impact on incidence of dementia of these potential risk
factors.

36



The effect of midlife risk factors on dementia in older age

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Andrieu S, Coley N, Lovestone S, Aisen PS, Vellas B. Prevention of sporadic Alzheimer’s disease: Lessons
learned from clinical trials and future directions. Lancet Neurol [Internet]. Elsevier Science; 2015;14(9):926—
44, Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc11&NEWS=N&AN=2015-37755-019
Barnes D, Yaffe K. The Projected Impact of Risk Factor Reduction on Alzheimer’s Disease Prevalence.
Lancet Neurol. 2013;10(9):819-28.

Lafortune L, Martin S, Kelly S, Kuhn I, Remes O, Cowan A, et al. Behavioural Risk Factors in Mid-Life
Associated with Successful Ageing, Disability, Dementia and Frailty in Later Life: A Rapid Systematic
Review. PLoS One [Internet]. 2016;11(2):e0144405. Available from:
dx.plos.org/10.1371/journal.pone.0144405

Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary prevention of Alzheimer’s
disease: An analysis of population-based data. Lancet Neurol. 2014;13(8):788-94.

Lafortune L, Kelly S, Cowan A. Disability, Dementia and Frailty in Later Life : Mid-Life Approaches to
Prevent or Delay the Onset of these Conditions: Review 2. 2014;(July). Available from:
www.nice.org.uk/guidance/indevelopment/gid-phg64/documents

Prince M, Albanese E, Guerchet M, Prina M. Alzheimer’s Disease International. Dementia and risk
reduction: an analysis of protective and modifiable factors. Alzheimer’s Dis Int. 2014;1-104.

Elwood P, Galante J, Pickering J, Palmer S, Bayer A, Ben-Shlomo Y, et al. Healthy lifestyles reduce the
incidence of chronic diseases and dementia: Evidence from the Caerphilly cohort study. PLoS One.
2013;8(12).

Agrigoroaei S, Lachman ME. Cognitive functioning in midlife and old age: combined effects of psychosocial
and behavioral factors. J Gerontol B Psychol Sci Soc Sci. 2011;66 Suppl 1:i130-40.

Sabia S, Nabi H, Kivimaki M, Shipley MJ, Marmot MG, Singh-Manoux A. Health behaviors from early to late
midlife as predictors of cognitive function. Am J Epidemiol. 2009;170(4):428-37.

Anstey KJ, Sargent-Cox K, Garde E, Cherbuin N, Butterworth P. Cognitive development over 8 years in
midlife and its association with cardiovascular risk factors. Neuropsychology [Internet]. American
Psychological Association; 2014;28(4):653—-65. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc11&NEWS=N&AN=2014-09566-001
Rovio S, Kareholt I, Helkala E-L, Viitanen M, Winblad B, Tuomilehto J, et al. Leisure-time physical activity
at midlife and the risk of dementia and Alzheimer’s disease. Lancet Neurol [Internet]. England;
2005;4(11):705-11. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEW S=N&AN=16239176

Hamer M, Chida Y. Physical activity and risk of neurodegenerative disease: a systematic review of
prospective evidence. Psychol Med. England; 2009 Jan;39(1):3-11.

Morgan GS, Gallacher J, Bayer A, Fish M, Ebrahim S, Ben-Shlomo Y. Physical activity in middle-age and
dementia in later life: Findings from a prospective cohort of men in Caerphilly, South Wales and a meta-
analysis. J Alzheimer’s Dis. 2012;31(3):569-80.

Rovio S, Kareholt I, Viitanen M, Winblad B, Tuomilehto J, Soininen H, et al. Work-related physical activity
and the risk of dementia and Alzheimer’s disease. Int J Geriatr Psychiatry [Internet]. England: John Wiley
and Sons; 2007;22(9):874—82. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc5&NEW S=N&AN=2007-14516-008
Mehlig K, Skoog |, Waern M, Miao Jonasson J, Lapidus L, Bjorkelund C, et al. Physical activity, weight
status, diabetes and dementia: A 34-year follow-up of the population study of women in Gothenburg.
Neuroepidemiology. 2014;42(4):252-9.

Tolppanen A-M, Solomon A, Kulmala J, Kareholt I, Ngandu T, Rusanen M, et al. Leisure-time physical
activity from mid to late life, body mass index, and risk of dementia. Alzheimer’'s Dement [Internet]. United
States: Elsevier Science; 2015;11(4):434-43. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc11&NEWS=N&AN=2015-43464-006
Iso-Markku P, Waller K, Kujala UM, Kaprio J. Physical activity and dementia: Long-term follow-up study of
adult twins. Ann Med [Internet]. Taylor and Francis; 2015 Feb 17;47(2):81—7. Available from:
dx.doi.org/10.3109/07853890.2014.994675

Baumgart M, Snyder HM, Carrillo MC, Fazio S, Kim H, Johns H. Summary of the evidence on modifiable
risk factors for cognitive decline and dementia: A population-based perspective. Alzheimer's Dement J
Alzheimer's Assoc [Internet]. Elsevier Science; 2015;11(6):718-26. Available from:
www.ncbi.nlm.nih.gov/pubmed/26045020

37


http://dx.plos.org/10.1371/journal.pone.0144405
http://www.nice.org.uk/guidance/indevelopment/gid-phg64/documents
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEWS=N&AN=16239176

The effect of midlife risk factors on dementia in older age

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Deckers K, van Boxtel MPJ, Schiepers OJG, de Vugt M, Munoz Sanchez JL, Anstey KJ, et al. Target risk
factors for dementia prevention: a systematic review and Delphi consensus study on the evidence from
observational studies. Int J Geriatr Psychiatry [Internet]. England; 2015;30(3):234-46. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medI&NEW S=N&AN=25504093

Di Marco LY, Marzo A, Munoz-Ruiz M, lkram MA, Kivipelto M, Ruefenacht D, et al. Modifiable lifestyle
factors in dementia: a systematic review of longitudinal observational cohort studies. J Alzheimers Dis.
Netherlands; 2014;42(1):119-35.

Andel R, Crowe M, Pedersen NL, Fratiglioni L, Johansson B, Gatz M. Physical exercise at midlife and risk
of dementia three decades later: A population-based study of Swedish twins. J Gerontol A Biol Sci Med Sci
[Internet]. United States: Gerontological Society of America; 2008;63A(1):62—6. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc6 &NEW S=N&AN=2008-02706-003

NHS. Statistics on alcohol - England [Internet]. 2013. Available from:
www.hscic.gov.uk/catalogue/PUB10932

Anttila T, Helkala E-L, Viitanen M, Kareholt |, Fratiglioni L, Winblad B, et al. Alcohol drinking in middle age
and subsequent risk of mild cognitive impairment and dementia in old age: a prospective population-based
study. Bmj. 2004;329(August):539.

Virta JJ, Jarvenpad T, Heikkila K, Perola M, Koskenvuo M, Réiha |, et al. Midlife alcohol consumption and
later risk of cognitive impairment: A twin follow-up study. J Alzheimer’s Dis. 2010;22(3):939-48.

Handing EP, Andel R, Kadlecova P, Gatz M, Pedersen NL. Midlife Alcohol Consumption and Risk of
Dementia Over 43 Years of Follow-Up: A Population-Based Study from the Swedish Twin Registry. J
Gerontol A Biol Sci Med Sci [Internet]. United States; 2015;70(10):1248-54. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medI&NEW S=N&AN=25881581

Scalzo S, Bowden S, Hillbom M. Wernicke-Korsakoff syndrome. Alcohol and the adult brain [Internet]. New
York, NY, US: Psychology Press; 2015;5-30. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc12&NEWS=N&AN=2015-03277-002
Zhong G, Wang Y, Zhang Y, Guo JJ, Zhao Y. Smoking is associated with an increased risk of dementia:

A meta-analysis of prospective cohort studies with investigation of potential effect modifiers. PLoS One.
2015;10(3):1-23.

Eskelinen MH, Ngandu T, Tuomilehto J, Soininen H, Kivipelto M. Midlife coffee and tea drinking and the
risk of late-life dementia: A population-based CAIDE study. J Alzheimer’s Dis. 2009;16(1):85-91.

Laitinen MH, Ngandu T, Rovio S, Helkala EL, Uusitalo U, Viitanen M, et al. Fat intake at midlife and risk of
dementia and Alzheimer’s disease: A population-based study. Dement Geriatr Cogn Disord.
2006;22(1):99-107.

Laitinen MH, Ngandu T, Rovio S, Helkala E-L-L, Uusitalo U, Viitanen M, et al. Fat intake at midlife and risk
of dementia and Alzheimer’s disease: a population-based study. Dement Geriatr Cogn Disord [Internet].
Karger; 2006;22(1):99-107. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEW S=N&AN=16710090

Panza F, V. S, Barulli MR, Bonfiglio C, Guerra V, Osella. A, et al. Coffee, tea, and caffeine consumption
and prevention of late-life cognitive decline and dementia: A systematic review. J Nutr Heal Aging [Internet].
2015;19(3):313-28. Available from: www.springerlink.com/content/121281/

Esposito K, Maiorino MI, Bellastella G, Chiodini P, Panagiotakos D, Giugliano D. A journey into a
Mediterranean diet and type 2 diabetes: a systematic review with meta-analyses. BMJ Open [Internet].
2015;5(8):e008222. Available from: bmjopen.bmj.com/content/5/8/e008222.short

Morris MC, Tangney CC, Wang Y, Sacks FM, Bennett DA, Aggarwal NT. MIND diet associated with
reduced incidence of Alzheimer’s disease. Alzheimer's Dement J Alzheimer's Assoc [Internet]. 2015
Sep;11(9):1007-14. Available from: search.ebscohost.com/login.aspx?direct=true&db=psyh&AN=2015-
10774-001&site=ehost-live

Ménnikkd R, Komulainen P, Schwab U, Heikkila HM, Savonen K, Hassinen M, et al. The Nordic diet and
cognition--The DR’s EXTRA Study. Br J Nutr [Internet]. England: Published on behalf of the Nutrition
Society by CABI Publishing; 2015 Jul;114(2):231-9. Available from:
search.ebscohost.com/login.aspx?direct=true&db=cmedm&AN=26104270&site=ehost-live

Tolppanen AM, Lavikainen P, Solomon A, Kivipelto M, Uusitupa M, Soininen H, et al. History of medically
treated diabetes and risk of Alzheimer disease in a nationwide case-control study. Diabetes Care.
2013;36(7):2015-9.

Xu W, Qiu C, Gatz M, Pedersen NL, Johansson B, Fratiglioni L. Mid and late-life diabetes in relation to the
risk of dementia: a population-based twin study. Diabetes [Internet]. United States; 2009;58(1):71-7.
Available from: ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEW S=N&AN=18952836
Cheng G, Huang C, Deng H, Wang H. Diabetes as a risk factor for dementia and mild cognitive impairment:
a meta-analysis of longitudinal studies. Intern Med J. Australia; 2012 May;42(5):484-91.

38



The effect of midlife risk factors on dementia in older age

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

Lu FP, Lin KP, Kuo HK. Diabetes and the risk of multi-system aging phenotypes: A systematic review and
meta-analysis. PLoS One. 2009;4(1).

Whitmer RA, Sidney S, Selby J, Johnston SC, Yaffe K. Midlife cardiovascular risk factors and risk of
dementia in late life. Neurology. United States; 2005 Jan;64(2):277-81.

Kimm H, Lee PH, Shin YJ, Park KS, Jo J, Lee Y, et al. Mid-life and late-life vascular risk factors and
dementia in Korean men and women. Arch Gerontol Geriatr [Internet]. Elsevier; 2011 May 30;52(3):e117-
22. Available from: dx.doi.org/10.1016/j.archger.2010.09.004

Kloppenborg RP, van den Berg E, Kappelle LJ, Biessels GJ. Diabetes and other vascular risk factors for
dementia: which factor matters most? A systematic review. Eur J Pharmacol [Internet]. Netherlands;
2008;585(1):97-108. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEW S=N&AN=18395201

Kivipelto M, Helkala E, Laakso MP, Hanninen T, Hallikainen M, Alhainen K, et al. Midlife vascular risk
factors and Alzheimer’s Disease in later life: Longitudinal, population based study. Bmj.
2001;322(June):1447-51.

Wu C, Zhou D, Wen C, Zhang L, Como P, Qiao Y. Relationship between blood pressure and Alzheimer’s
disease in Linxian County, China. Life Sci. England; 2003 Jan;72(10):1125-33.

Freitag MH, Peila R, Masaki K, Petrovitch H, Ross GW, White LR, et al. Midlife pulse pressure and
incidence of dementia: The Honolulu-Asia Aging Study. Stroke. 2006;37(1):33-7.

Emmerzaal TL, Kiliaan AJ, Gustafson DR. 2003-2013: a decade of body mass index, Alzheimer’s disease,
and dementia. J Alzheimers Dis [Internet]. Netherlands; 2015;43(3):739-55. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medl&NEW S=N&AN=25147111

Suemoto CK, Gilsanz P, Mayeda ER, Glymour MM. Body mass index and cognitive function: The potential
for reverse causation. Int J Obes [Internet]. Nature Publishing Group; 2015;39(9):1383-9. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc11&NEWS=N&AN=2015-45634-005
Anstey KJ, Cherbuin N, Budge M, Young J. Body mass index in midlife and late-life as a risk factor for
dementia: A meta-analysis of prospective studies. Obes Rev. 2011;12(501):426-37.

Barnes DE, Yaffe K, Byers AL, McCormick M, Schaefer C, Whitmer RA. Midlife vs late-life depressive
symptoms and risk of dementia: differential effects for Alzheimer disease and vascular dementia. Arch Gen
Psychiatry [Internet]. 2012;69(5):493-8. Available from:
archpsyc.jamanetwork.com/article.aspx?articleid=1151485&wptouch_preview_theme=enabled

Diniz BS, Butters MA, Albert SM, Dew MA, Reynolds CF. Late-life depression and risk of vascular dementia
and Alzheimer’s disease: Systematic review and meta-analysis of community-based cohort studies. Br J
Psychiatry. 2013;202(5):329-35.

Skogen J, Bergh S, Stewart R, Knudsen A, Bjerkeset O. Midlife mental distress and risk for dementia up to
27 years later: The Nord-Trgndelag Health Study (HUNT) in linkage with a dementia registry in Norway.
BMC Geriatr [Internet]. 2015;15(1):23. Available from: www.biomedcentral.com/1471-2318/15/23
Gallacher J, Bayer A, Fish M, Pickering J, Pedro S, Dunstan F, et al. Does anxiety affect risk of dementia?
Findings from the Caerphilly Prospective Study. Psychosom Med [Internet]. 2009;71(6):659—-66. Available
from: www.nchbi.nlm.nih.gov/pubmed/19553290

Hakansson K, Soininen H, Winblad B, Kivipelto M. Feelings of hopelessness in midlife and cognitive health
in later life: A prospective population-based cohort study. PLoS One [Internet]. 2015;10(10). Available from:
Krister.Hakansson@ki.se

Johansson L, Skoog |, Gustafson DR, Olesen PJ, Waern M, Bengtsson C, et al. Midlife psychological
distress associated with late-life brain atrophy and white matter lesions: a 32-year population study of
women. Psychosom Med [Internet]. United States; 2012;74(2):120-5. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=medI&NEW S=N&AN=22286853

Johansson L, Guo X, Waern M, Ostling S, Gustafson D, Bengtsson C, et al. Midlife psychological stress
and risk of dementia: A 35-year longitudinal population study. Brain. 2010;133(8):2217-24.

Holtzman RE, Rebok GW, Saczynski JS, Kouzis AC, Wilcox Doyle K, Eaton WW. Social network
characteristics and cognition in middle-aged and older adults. J Gerontol Psychol Sci. 2004;59B(6):P278—
84.

Kareholt I, Lennartsson C, Gatz M, Parker MG. Baseline leisure time activity and cognition more than two
decades later. Int J Geriatr Psychiatry. 2011;26(1):65-74.

Fratiglioni L, Paillard-Borg S, Winblad B. An active and socially integrated lifestyle in late life might protect
against dementia. Lancet Neurol. 2004;3(6):343-53.

Valenzuela M, Brayne C, Sachdev P, Wilcock G, Matthews F. Cognitive lifestyle and long-term risk of
dementia and survival after diagnosis in a multicenter population-based cohort. Am J Epidemiol.
2011;173(9):1004-12.

39


http://www.biomedcentral.com/1471-2318/15/23
http://www.ncbi.nlm.nih.gov/pubmed/19553290
mailto:Krister.Hakansson@ki.se

The effect of midlife risk factors on dementia in older age

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Karp A, Andel R, Parker MG, Wang H-X, Winblad B, Fratiglioni L. Mentally stimulating activities at work
during midlife and dementia risk after age 75: follow-up study from the Kungsholmen Project. Am J Geriatr
Psychiatry [Internet]. United States: Lippincott Williams and Wilkins; 2009;17(3):227-36. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEW S=N&AN=19454849

Carlson MC, Helms MJ, Steffens DC, Burke JR, Potter GG, Plassman BL. Midlife activity predicts risk of
dementia in older male twin pairs. Alzheimer's Dement. 2008;4(5):324-31.

Potter GG, Helms MJ, Burke JR, Steffens DC, Plassman BL. Job demands and dementia risk among male
twin pairs. Alzheimer’'s Dement. 2007;3(3):192-9.

Andel R, Crowe M, Pedersen NL, Mortimer J, Crimmins E, Johansson B, et al. Complexity of work and risk
of Alzheimer’s disease: A population-based study of Swedish twins. Journals Gerontol Ser B-Psychological
Sci Soc Sci. 2005;60(5):P251-8.

Dekhtyar S, Wang H-X, Scott K, Goodman A, Koupil I, Herlitz A. A life-course study of cognitive reserve in
dementia. From childhood to old age. Am J Geriatr Psychiatry [Internet]. Elsevier Science; 2015;23(9):885—
96. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc11&NEWS=N&AN=2015-37650-006
Kroger E, Andel R, Lindsay J, Benounissa Z, Verreault R, Laurin D. Is complexity of work associated with
risk of dementia? Am J Epidemiol. 2008;167(7):820-30.

Then FS, Luck T, Luppa M, Thinschmidt M, Deckert S, Nieuwenhuijsen K, et al. Systematic review of the
effect of the psychosocial working environment on cognition and dementia. Occup Environ Med [Internet].
2014;71(5):358-65. Available from: www.nchi.nlm.nih.gov/pubmed/24259677

Grotz C, Letenneur L, Bonsang E, Amieva H, Meillon C, Quertemont E, et al. Retirement age and the age
of onset of Alzheimer’s disease: Results from the ICTUS study. PLoS One. 2015;10(2):1-11.
Guzman-Velez E, Tranel D. Does bilingualism contribute to cognitive reserve? Cognitive and neural
perspectives. Neuropsychology [Internet]. American Psychological Association; 2015;29(1):139-50.
Available from: ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc11&NEW S=N&AN=2014-
24822-001

Paap KR, Johnson HA, Sawi O. Should the search for bilingual advantages in executive functioning
continue? Spec Issue Res Rep [Internet]. Elsevier Masson SAS; 2016;74:305-14. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc12&NEW S=N&AN=2016-04908-027

Paap KR, Johnson HA, Sawi O. Bilingual advantages in executive functioning either do not exist or are
restricted to very specific and undetermined circumstances. Cortex A J Devoted to Study Nerv Syst Behav
[Internet]. Elsevier Masson SAS; 2015;69:265—78. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc11&NEWS=N&AN=2015-37140-026
Becker MP, Collins PF, Lim KO, Muetzel RL, Luciana MAI-O. Longitudinal changes in white matter
microstructure after heavy cannabis use. Dev Cogn Neurosci [Internet]. Elsevier Science; 2015;16:23-35.
Available from: ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc11&NEW S=N&AN=2015-
57102-005

Benedict C, Byberg L, Cedernaes J, Hogenkamp PS, Giedratis V, Kilander L, et al. Self-reported sleep
disturbance is associated with Alzheimer’s disease risk in men. Alzheimer’s Dement J Alzheimer's Assoc
[Internet]. Elsevier Science; 2015;11(9):1090-7. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc11&NEWS=N&AN=2014-52908-001
Beveridge TJR, Smith HR, Daunais JB, Nader MA, Porrino LJ. Chronic cocaine self-administration is
associated with altered functional activity in the temporal lobes of hon-human primates. Eur J Neurosci.
France; 2006 Jun;23(11):3109-18.

Ebner NC, Kamin H, Diaz V, Cohen RA, MacDonald K. Hormones as ‘difference makers’ in cognitive and
socioemotional aging processes. Front Psychol [Internet]. Frontiers Research Foundation; 2015;5.
Available from: ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc11&NEW S=N&AN=2015-
47564-001

Kivipelto M, Rovio S, Ngandu T, Kareholt I, Eskelinen M, Winblad B, et al. Apolipoprotein E epsilon4
magnifies lifestyle risks for dementia: a population-based study. J Cell Mol Med [Internet]. Romania;
2008;12(6B):2762—71. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEW S=N&AN=18318693

Low L-F, Wai HY. Does apolipoprotein E genotype interact with the effects of potentially modifiable mid
and late-life risk factors for dementia? A systematic review. Alzheimer's Dement [Internet]. Elsevier Inc.;
2009;5(4 SUPPL. 1):384. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed9&NEW S=N&AN=70109647

@stergaard SD, Mukherjee S, Sharp SJ, Proitsi P, Lotta LA, Day F, et al. Associations between Potentially
Modifiable Risk Factors and Alzheimer Disease: A Mendelian Randomization Study. PLoS Med.
2015;12(6):1-16.

40



The effect of midlife risk factors on dementia in older age

77.

78.

79.

80.

81.

Sindi S, Calov E, Fokkens J, Ngandu T, Soininen H, Tuomilehto J, et al. The CAIDE Dementia Risk Score
App: The development of an evidence-based mobile application to predict the risk of dementia. Alzheimer’s
Dement Diagnosis, Assess Dis Monit [Internet]. 2015;1(3):328-33. Available from:
www.sciencedirect.com/science/article/pii/S2352872915000615

Koehler S, Schiepers O, Deckers K, Van Boxtel M, Irving K. Development and validation of a new index for
qguantifying a brain-healthy lifestyle: The innovative midlife intervention for dementia deterrence (In-MINDD)
study. Int Psychogeriatrics [Internet]. Cambridge University Press; 2015;27:S54-5. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed13&NEWS=N&AN=72187904

Prenderville JA, Kennedy PJ, Dinan TG, Cryan JF. Adding fuel to the fire: The impact of stress on the
ageing brain. Trends Neurosci [Internet]. Elsevier Science; 2015;38(1):13-25. Available from:
ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=psyc11&NEWS=N&AN=2014-52826-001
Ngandu T, Lehtisalo J, Solomon A, Levalahti E, Ahtiluoto S, Antikainen R, et al. A 2 year multidomain
intervention of diet, exercise, cognitive training, and vascular risk monitoring versus control to prevent
cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial. Lancet (London,
England) [Internet]. Elsevier; 2015 Jun 6;385(9984):2255—-63. Available from:
search.ebscohost.com/login.aspx?direct=true&db=cmedm&AN=25771249&site=ehost-live

Norton MC, C.J. C, Tschanz JT., P. H, Fauth EB, Gast JA, et al. The design and progress of a multidomain
lifestyle intervention to improve brain health in middle-aged persons to reduce later Alzheimer’s disease
risk: The Gray Matters randomized trial. Alzheimer's Dement Transl Res Clin Interv [Internet]. Elsevier Inc.;
2015;1(1):53-62. Available from: www.journals.elsevier.com/alzheimers-and-dementia-translational-
research-and-clinical-interventions/

41



The effect of midlife risk factors on dementia in older age

Appendix 1: Search strategy

The search for evidence on the associations between the mid-life risk factors and
dementia followed the steps below.

1. We used the findings of Norton and colleagues (4) based on the Barnes and
Yaffe review of risk factors (2). For the seven risk factors which they considered
we searched for very recent systematic reviews or primary empirical studies
published from January 2015 onwards for any possible new evidence or more
comprehensive reviews. Following Norton et al (4), we considered a review to be
more comprehensive if it included a larger number of studies than any previous
reviews and pooled them using an appropriate meta-analytic method.

2. For the risk factors which Norton et al (4) did not consider - alcohol, diet, mental
distress, social isolation and loneliness, and air pollution, we searched for
relevant papers in the recent NICE review on midlife risk factors and dementia in
older age (3,5) and, when necessary, conducted additional searches for papers
published since 2000. We also checked the World Alzheimer's Report 2014 (6)
for any relevant studies on midlife risk factors and older age all-cause dementia
which our search had not identified. For the search strategy and search terms
used in these previous reports, please see (2), (3), (4), (5) and (6).

Search strategy for new papers published between January 2015
and May 2016

We selected the papers showing new evidence or more comprehensive reviews than
published in Norton et al (4) based on Barnes and Yaffe (2), NICE review (3, 5) or World
Alzheimer Report (6). The review was considered to be more comprehensive if it
included a larger number of studies than any previous reviews and pooled them using
an appropriate meta-analytic method, the same criterion as in (4). For new evidence
which has not been a focus in the previous reports (eg social isolation, mental distress),
we searched all papers published from 2000 to May 2016.

For more comprehensive reports, we covered the time between January 2015 and May
2016 (to update the searches done in the previous reports by Barnes and Yaffe, NICE
and World Alzheimer Report). We searched the main data bases also used in the NICE
review: MEDLINE, EMBASE PsycINFO, Cochrane and organisational databases. The
search terms listed in the NICE review were used and for the risk factors not included in
NICE, the terms used are listed in Appendix table 1.
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Table 1 shows the numbers of new studies found and how many of them were included
in this report. The most frequent reasons for excluding studies were: that they did not
use a relevant age group for baseline risk factors (ages 40 to 64) or for outcome
measures (ages 65+); they did not include at least one midlife risk factor and/or
dementia in old age as outcome; they did used data collected in non-OECD countries;
or they did not report a usable estimate of the risk (RRs, ORs or HRs for the
associations). All the studies we found that fulfilled these criteria were of good quality.
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Appendix Table 1 Additional literature searched on the associations between
midlife risk factors and dementia

Midlife risk Time Search words for the Electronic Full text Included in the report
factor period risk factor(s) search for screening

title and

abstract

screening
Physical inactivity | 2015-16 | See NICE (3,5) 72 3 0
Alcohol 2015-16 | See NICE (3,5) 12 2
Smoking 2015-16 | See NICE (3,5) 66 4
Diet 2015-16 | See NICE (3,5) 95 3 3
Diabetes 2000-16 | See NICE (3,5) 525 5 1
Hypertension 2015-16 | See NICE (3,5) 115 6 0
Obesity 2015-16 | See NICE (3,5) 121 2 0
Cholesterol 2015-16 | See World Alzheimer 46 4 0

Report (6)
Depression and 2000-16 | Depression, depressive | 985 25 4
mental distress symptoms, mental
distress

Social isolation 2000-16 | Social isolation, social 70 3 0
and loneliness contacts, loneliness
Life-long learning | 2000-16 | Mental activities, leisure | 111 14 10
and mental activities, occupational
activities complexity
Other factors 2000-16 | Sleep, drugs, toxins, 379 5 0

heavy metals, pollution,
hormones
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Appendix Table 2: Key evidence on risk factors for dementia

Risk Definition/measure of exposure | Outcome Type of study Estimate/
factor/source 95% Cl
Physical Midlife physical activity: self-report | All-cause Original study, population- | OR 2.13
inactivity on at least 20-30 minutes and dementia based cohort (CAIDE) 1.11 -4.00
Rovio, 2005 causes breathlessness and n=1449

sweating at least twice a week

(reversed scale)
Smoking Current smoking All-cause Meta-analysis of 37 RR 1.30
Zhong, 2015 dementia original studies 1.18-1.45

n = 960,280

Diabetes Midlife diabetes (type | or type II) All-cause Original study, co-twin OR 251
Xu, 2009 from inpatient registry and self- dementia matched case-control, n 1.10-5.72

and informant-reported history of of pairs = 4,274, of which

diabetes diagnosis @ 210 discordant in

dementia

Diabetes Midlife diabetes (type | or type II) Alzheimer’s | Original study with age, OR 1.60
Toppanen, 2013 based on reimbursed diabetes disease sex and region of 1.34-1.84

medication in the National residence case-control

Prescription Register and Special n of pairs = 28,093

Reimbursement Register °
Hypertension Midlife hypertension: blood All-cause Meta-analysis of four RR 1.61
Barnes & Yaffe, pressure measure cut-off, dementia original studies 1.16 —2.24
2013 medication and self-report ¢ n = 29,287
Obesity Midlife obesity: BMI=30 All-cause Meta-analysis of six RR 1.60
Barnes & Yaffe, dementia original studies 1.34-1.92
2013 n = 24,247
Depression Midlife depression: self-report All-cause Original study, population- | HR 1.19
Barnes, 2012 binary question (“Do you often feel | dementia based cohort 1.07-1.32

unhappy or depressed?”) and n=13,535

medical records ¢
Low Classification of lifetime main All-cause Original study, population- | RR 1.92
occupational occupation according to the dementia based cohort 1.05-3.45
complexity highest degree of complexity of n=2931 for low
Karp, 2009 work with data © educated

(reversed scale) group

2 (JCD-7 codes 260, ICD-8 and -9 codes 250);  Diabetes diagnosed on the basis of fasting capillary blood glucose

concentration (SlI reimbursement criterion cut-off is 7.0 mmol/L) or 2-h glucose concentration if an oral glucose

tolerance test has been per formed (cut-off 11.1mmol/L); ¢ varying cut-offs SBP = 140 mm Hg in two studies and SBP
=160 mm Hg in two studies. One study used information on medication and self-report of diagnosis, in addition to a
cut-off; 4 on ICD-9 diagnostic codes 296.2 (major depressive disorder), 296.3 (recurrent major depressive disorder),
298.0 (depressive type psychosis), 300.4 (dysthymic disorder) and 311.0 (depressive disorder not elsewhere
classified); © Analysing, coordinating, and synthesizing data.
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